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Epithelial outgrowths (keratinocytes) from normal human skin in vitro were exposed daily 
for 30 min to vitamin A alcohol for periods up to 5 weeks. There was a markedly decreased 
number of keratohyaline granules in treated cultures, indicating an effect on the differentia-
tion process, but there was no evidence for mucous metaplasia. The area of vitamin A-treated 
outgrowths was greater than that of controls at all times. In addition, there was a higher 
mitotic index, higher labeling index, and larger growth fraction in treated cultures. The 
combination of altered differentiation and enhanced proliferation of keratinocytes would 
appear to account for the larger outgrowth area found in vitamin A-treated cultures. 
While many in vitro studies of vitamin A (Vit AJ 
have been performed using skin of nonhuman 
species [1-7], there is a paucity of similar studies 
using human skin. Recently, using a method that 
permits growth of sheets of epidermal keratino-
cytes in vitro, Karasek [8] reported that continu-
ous presence of Vit A in low levels in culture fluid 
appeared to inhibit keratinization and enhance 
growth of cultures. The present paper cor-
roborates these findings and attempts to elucidate 
the mechanism of enhanced growth in vitro. 
MATERIALS AND METHODS 
Human epidermal keratinocyte cultures were prepared 
according to a method described previously [9]. In all 
experiments Vit A (vitamin A alcohol obtained from 
Sigma Chemical Co.) was dissolved in ethanol and was 
added to cultures in the form of a suspension prepared in 
chick plasma. The concentration of Vit A was adjusted 
with plasma so that each culture dish containing 2 ml of 
culture fluid received only 0.01 ml of plasma. The 
concentration of ethanol introduced in each culture dish 
by this procedure was always less than 0.01 %. Control 
cultures received equivalent quantities of chick plasma 
mixed with ethanol. Twenty-four hours after inception, 
experimental cultures were treated with Vit A ( 1 pg/ml) 
for 30 min, rinsed twice with warm culture fluid, and 
reincubated at 37°C. This procedure was carried out 
daily 5 days a week. Control cultures were similarly 
treated except that no Vit A was present in the corre-
sponding plasma and ethanol mixture. The VitA treat-
ment was carried out for a maximum of 5 weeks. The 
stock solution of Vit A alcohol was stored in the dark at 
-20°C; under these conditions it is believed to remain 
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relatively stable (1]. For the present series of experiments 
fresh Vit A solution was prepared every week. 
The effect of Vit A on size (area) of the outgrowths and 
mitotic index (M.I.) was estimated at different intervals 
after treatment. The area of each outgrowth (em') was 
estimated directly with the aid of an eyepiece graticule (1 
em') calibrated with a stage micrometer. The mean 
values of area were calculated for each group. For 
determining the M.I., the metaphase arrest agent, Colce-
mid (2 !Lg/ml) was added to appropriate cultures for a 
period of 4 hr followed by fixation and staining in 
hematoxylin and eosin. The total number of arrested 
metaphases per 4000 nuclei from each outgrowth was 
counted at random and mean values calculated for each 
group (4 outgrowths). The M.I. is expressed as the 
number of arrested metaphases per 1000 cells. 
Further cell kinetic data, such as labeling index {L.l.), 
were obtained by conventional methods of pulse labeling 
and autoradiography (10-12) on 5-week-old cultures. 
Control and experimental cultures were pulse-labeled 
with 'H-thymidine (2~tCi/mt, sp act 6.7 Ci/mmole) for 2 
hr, fixed in formalin, and processed for autoradiography. 
The growth fraction (G.F.) represents the percentage of 
cells in the proliferative pool and was determined by a 
continuous labeling procedure (12 J. 
RESULTS 
Effect of VitA on Morphology of Epidermal 
Outgrowths 
After 4 days in vitro a ring of epithelial cells 
appears around each explant on the coverslip. The 
origin of these cells from epidermal keratinocytes 
has been determined in other studies [9]. The 
outgrowths enlarged continually over the 5-week 
observation period. Comparison of total outgrowth 
areas showed that at all times the size of Vit 
A-treated cultures was greater than that of controls 
by a factor of 2 or more in most instances (Tab. and 
Fig. 1). In addition, the outgrowths, which are 
multilayered, appeared thicker in control than in 
experimental cultures. Small basophilic, cytoplas-
mic granules resembling keratohyaline granules 
were quite numerous in control cultures (Figs. 2, 3) 
but were seen infrequently in Vit A-treated cells 
(Fig. 4). There was no gross cytologic evidence of 
mucus production. 
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TABLE I. The effect of Vitamin A (retinol) on mitotic index (M.l.) and the area of keratinacyte outgrowth' in vitro 
a M.L is the proportion of arrested meta phases per 1000 cells accumulated during: 4 hr ofColcemid treatment. 
FJG. L Top: Keratinocyte outgrov.'ths from normal 
human skin after 2 weeks in vitro. Bottom: Keratinocyte 
outgrowths after 2 weeks in vitro with exposure to Vit A 
daily for 30 min, 5 days per week. Outgrowth completely 
covers the coverslip whose actual edges are represented 
by edges of the photograph. Central explants (clear 
areas) have been removed for purposes of mounting 
coverslip on slides ( x 1.2). 
Effect of VitA on Cell Kinetics 
The results in the Table show that Vit A had a 
stimulatory effect on keratinocyte mitosis. The 
amount of stimulation, which was slight after 7 
days of treatment, was almost double the control 
value after 3 weeks of treatment. 
Other kinetic studies were carried out only after 
5 weeks of treatment. The LL (determined imme-
diately after the 2-hr pulse} in control cultures was 
slightly lower (11.5%) than the value obtained for 
experimental cultures (14.9%). The G.F. in control 
and experimental cultures was 0.54 and 0.67, 
respectively. 
FIG. 2. Control outgrowth showing many basophilic 
keratohyaline granules ( x 2~l3). 
FIG. 3. Electron micrograph of control outgrowth 
showing keratohyaline granule ( x 45,990). 
DISCUSSION 
The results of the present study show that 
repeated brief exposure to Vit A causes a signifi-
cant increase in the size (area) of keratinocyte 
outgrowths from normal human skin. The effec-
tiveness of brief, rather than continuous, stimula-
tion corroborates studies using chick skin [2]. 
Similar results were obtained by Karasek [8 j in an 
earlier study using continuous exposure to Vit A. 
The effect occurs in the absence of underlying 
connective tissue and thus supports the findings of 
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Weiss and James [2j using chick embryonic skin 
that Vit A acts directly on epidermal cells. This 
does not, however, imply that there is no effect on 
connective tissue for, in fact, Vit A does have an 
effect on mesodermal structures during develop-
ment in vivo [13] and on fibroblast mitosis in vitro 
(14]. 
The reason for increased outgrowth size is proba-
bly related to several factors which can be under-
stood in terms of the dynamics of cell behavior 
within the outgrowth. The keratinocytes normally 
grow in vitro as a stratified squamous epithelium 
whose germinal (basal) cells are attached to the 
glass substratum provided by the coverslip [9,15 ). 
During growth, daughter cells resulting from pro-
liferation undergo one of two possible fates. First, 
they may remain attached to the substratum and 
contribute to the expanding size of the outgrowth 
that results from inward population pressure push-
ing outward. Secondly, they may be squeezed out 
of the germinal layer, thereby losing their attach-
ment to the substratum, following which they 
undergo a number of changes characteristic of the 
keratinization process [9,16]. The keratinizing and 
keratinized cells lie directly above the germinal 
cells where they accumulate and contribute to 
formation of the stratified squamous epithelium. 
Increase in outgrowth size might be related to more 
daughter cells adhering to the substratum and 
fewer cells being pushed upward to differentiate. 
This should result in less stratification in experi-
mental cultures as seemed to be the case when 
observing whole, living cultures. However, it was 
difficult to assess this parameter quantitatively in 
histologic sections of outgrowths. 
Control cultures had large numbers of basophilic 
granules which resembled keratohyalin [16]. Fol-
lowing treatment with Vit A there were noticeably 
fewer granules than in control cultures. This sug-
gests the possibility that there were fewer kerati-
nizing cells or else that keratohyaline granule 
FIG. 4. Vit A-treated outgrowth of the same age as 
control. Virtually no keratnhyaline granules can be found 
(x 233). 
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formation was inhibited. Karasek [8 J reported a 
decrease in acid- and alkali-insoluble proteins 
("keratin"') in his keratinocyte cultures treated 
with Vit A. These findings may be due to the so-
called "anti-keratinizing" properties of Vit A. ln 
certain keratinizing epithelia such as embryonic 
chick skin [1,2]. hamster cheek pouch [3], rat [4], 
mouse esophagus [17,18], and mouse vagina [19, 
20 ), excess Vit A causes a definite reversible mu-
cous metaplasia. The evidence for mammalian skin 
is not convincing. Some authors have described a 
decrease in stratum corneum formation [4] and a 
decreased number of tonofilaments after Vit A 
treatment in vitro [7,21], but except for unpub-
lished data of Lasnitzki [22], there has been no 
convincing demonstration of mucous metaplasia in 
mammalian epidermis, including that of humans. 
In fact, increased thickness of the granular layer 
has been reported several times in vivo [23-25], a 
finding that contrasts with the present in vitro 
study. V.ibether the combination of decreased 
thickness of the stratum corneum and increased 
thickness of the granular layer constitutes de-
creased keratinization is a conclusion that has 
been strongly challenged [26,27]. 
\\!bile it is not certain what role the effect of 
Vit A on the differentiation process plays in 
altering outgrowth size, the matter seems clearer 
with regard to the effect on cell proliferation. 
Indeed, the combination of higher MJ., L.l., and 
G .F. certainly accounts for a significant part of the 
observed difference. It should be noted that nor-
mally the M .I. tends to decrease \Vith increasing 
age of the control keratinocyte cultures. Whether 
this is due to a deficiency of \'it A (which may 
cause a drop in M.L in vivo [28]} that is coun-
teracted in the experimental cultures is not clear. 
Evidence against this possibility is the effect of 
excess topical Vit A in vivo in causing hyperplasia 
where there is not systemic Vit A deficiency (19, 
23, 24, 28). An increased L.I. has also been reported 
in humans following topical Vit A acid [25,30]. 
Thus, the findings in the present in vitro study are 
consistent with those in vivo indicating that VitA 
enhances cell proliferation. 
The results obtained in the present in vitro 
studies indicate that besides affecting the differen-
tiation process of human keratinocytes, \'it A has 
the definite effect of enhancing cellular prolifera-
tion. However, the relationship of this effect to the 
therapeutic effect [25, 30, 31] seen in \'arious skin 
diseases of hyperkeratosis in vivo is not always 
clear. Traditionally the therapeutic response in 
these conditions has been thought of in terms of 
"anti-keratinization," but, an antikeratinizing ef-
fect in human skin has yet to be convincingly 
demonstrated. In view of recent evidence that 
factors affecting proliferative events in the basal 
layer may have profound effects on subsequent cell 
behavior and differentiation [32,33], new explana-
tions for the effect of Vit A must be sought along 
this line. 
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